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Summary 
1. This review assesses current knowledge about the interplay between landscape and 
pollinator communities. Our primary aim is to provide an evidence base, identify key 
gaps in knowledge and highlight initiatives that will help develop and improve 
strategies for pollinator conservation.  
2. Human-dominated landscapes (such as arable land and urban environments) can have 
detrimental impacts on pollinator communities but these negative effects can be 
ameliorated by proximity to semi-natural habitat and habitat corridors. There is also 
evidence to suggest that increased landscape heterogeneity and landscape 
configuration can play an important role in the maintenance of diverse pollinator 
communities. 
3. Landscape characteristics have direct impacts on pollinator communities but can also 
influence abundance and richness through interaction with other drivers such as 
changing climate or increased chemical inputs in land management.  
4. The majority of existing literature focuses on specific hymenopteran groups but there 
is a lack of information on the impact of landscape changes on non-bee taxa. Research 
is also needed on the effectiveness of management interventions for pollinators and 
multiple year observations are required for both urban and rural initiatives. 
5. Current policies and monitoring schemes could contribute data that will plug gaps in 
knowledge, thus enabling greater understanding of relationships between landscapes 
and pollinator populations. This would in turn help design mitigation and adaptation 
strategies for pollinator conservation. 
 
Key-words Agri-environment, habitat characteristics, policy, pollinator conservation, 
spatial scales, species abundance, species richness 
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Introduction  
Pollinators provide a crucial ecosystem service by improving quality or stabilizing yields of 
approximately 75% of crop-plant species globally (Kleijn et al. 2015). They are also 
intricately linked to wider biodiversity as they are essential for the reproduction of many wild 
plant species (Ollerton et al. 2011) and involved in indirect ecological interactions with taxa 
from other trophic guilds including predators and parasitoids (Senapathi et al. 2015a). 
Pollinators are facing pressures from multiple drivers leading to their declines with 
potentially serious implications for human food security and health, as well as ecosystem 
functions (Vanbergen et al. 2013).  Concern over pollinator declines has sparked a 
remarkable increase in studies assessing threats to pollinators and quantifying the impact of 
their decline on pollination services. Landscape changes, including conversion of natural 
habitats to anthropogenic land use and agricultural intensification, have been identified as one 
of the major drivers of pollinator declines (Kennedy et al. 2013, Vanbergen et al. 2013) and 
with an ever-increasing human population, indications are that land use changes will further 
intensify. Understanding the effects of landscape change on pollinators is crucial for the 
prevention of further pollinator loss and to help design strategies to protect pollinators in 
human-dominated landscapes (Viana et al. 2012). Assessing our current knowledge about the 
interplay between landscape and pollinator communities, as well as identifying and 
addressing knowledge gaps will help develop effective mitigation strategies. 
 
A number of national and international initiatives have been developed to improve 
understanding of the risks posed to pollinators (Gill et al. 2016) such as the first thematic 
assessment of the Intergovernmental Platform on Biodiversity and Ecosystem Services, 
which is focused on pollinators, pollination and food production (IPBES 2016).  Some of 
these initiatives have facilitated research projects that explore the impact of landscape on 
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pollinator communities. To date, the majority of landscape-scale studies have come from 
Europe and North America where researchers have used well-established methods for 
assessing the impacts of landscape drivers on pollinator communities. This review therefore 
predominantly focuses on research in temperate regions but includes studies that have carried 
out global meta-analyses.   
 
We assess information within the existing literature in three main sections: we first examine 
how landscape-level impacts on pollinators are assessed (section A); then explore which 
landscape characteristics affect pollinators (section B). Finally, we consider the evidence for 
conserving pollinators at the landscape scale and the importance of policy in landscape-scale 
management (section C). Viana et al. (2012) addressed the question of how well we 
understand landscape effects on pollinator and pollination services but in the intervening 
years more than 250 studies have been published on interactions between landscapes and 
pollinators,  requiring a updated review of this topic. Studies included in our review focus on 
pollinators rather than pollination services (with a few exceptions) and cover the impacts of 
both natural landscapes (land cover) and anthropogenic landscapes (land use) at regional, 
national and continental scales. Our main aims are to provide an evidence base, identify key 
gaps in knowledge and also highlight recent policy and monitoring schemes that will help 
develop and improve strategies for pollinator conservation.  
 
 
A. Assessing landscape-level impacts on pollinators  
A1. Spatial versus temporal studies 
Most previous studies have employed one of two main approaches to assess the impacts of 
various landscape-level variables on pollinator densities and/or distributions.  The 
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commonest is effectively a “spatial” approach to assessing these relationships, with studies 
examining the response of pollinator richness, abundance and composition to landscape 
structure and spatial heterogeneity (e.g. Meyer et al. 2009) and the influence of local and 
landscape-level effects of agroecosystems on wild pollinators  (e.g. Kennedy et al. 2013). 
Studies assessing the impact of landscape-level changes over time are less common, probably 
due to the rarity and difficulty of access to long-term data on pollinator communities and 
landscape changes. However, few studies have employed this “temporal” approach by 
resampling sites across multiple habitat and land cover types and comparing findings to 
historical datasets (Burkle et al. 2013, Aguirre-Gutierrez et al. 2015, Senapathi et al. 2015b, 
Aguirre-Gutiérrez et al. 2016). Others have focussed on changes in single land use types over 
time and the resulting impact on pollinator extinctions. Studies combining both spatial and 
temporal approaches are rare, although Carvalheiro et al. (2013) employed a spatio-temporal 
design to examine changes in pollinator richness and abundance over time in European 
landscapes.   
 
To date, the majority of studies have focused on single landscape types e.g. agricultural  (for 
e.g.Brosi et al. 2009, Le Feon et al. 2010, Garibaldi et al. 2011), or urban habitats (Matteson 
et al. 2013), but comparison of pollinator communities between multiple land use types is 
becoming more common (Kennedy et al. 2013, Verboven et al. 2014, Baldock et al. 2015).  
These approaches enable a better understanding of how pollinators use and respond to 
changes in different landscapes. 
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A2. Spatial scales 
The scale of the studies examining the impact of landscape on pollinator communities varies 
considerably, from local to global scales. Several recent meta-analyses have combined 
findings from multiple studies to assess landscape-level effects at a global scale. For 
example, Garibaldi et al. (2011) conducted a global synthesis of studies from six continents 
examining landscape scale effects on flower-visitor richness and pollination services in crop 
fields from contrasting biomes. A number of studies have combined data from multiple 
locations on the same continent, particularly in Europe.  For example, Carre  et al. (2009) 
explored the impact of landscape on bee diversity in European annual crops; Clough et al. 
(2014) explored the effect of intensively managed landscapes on bee abundance and diversity 
in semi-natural grasslands at 239 sites from five countries and Le Feon et al. (2010) 
compared the response of wild bee communities to agricultural intensification in four 
European countries. More common are studies testing the effects of habitat area, quality and 
connectivity as well as landscape composition and configuration on managed and wild 
pollinators within countries, including Germany (Meyer et al. 2009, Hopfenmueller et al. 
2014, Steckel et al. 2014), Sweden (Andersson et al. 2013, Jonsson et al. 2015) and the UK 
(Baldock et al. 2015, Senapathi et al. 2015b) or regional studies from the US (Jha and 
Kremen 2013a, Bennett and Isaacs 2014, Connelly et al. 2015). While the studies above 
explore spatial context from an anthropogenic viewpoint (i.e. the geographical dispersion of 
sites) this may not align with a pollinator’s perception of landscape. Further studies on how 
pollinator species respond to land use change at different scales are therefore required to 
better inform conservation schemes.  
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B. Landscape – pollinator interactions 
Landscape-level changes have the potential to affect pollinator species in a number of ways. 
There is evidence to suggest that landscape characteristics affect pollinator richness, 
abundance and composition of communities (Kennedy et al. 2013, Aguirre-Gutierrez et al. 
2015) and that response diversity (differential response to environmental variables among 
species), density-compensation (negative co-variance among species' abundances) and  cross-
scale resilience (response to the same environmental variable at different scales by different 
species of pollinators) can be affected by landscape disturbance (Winfree and Kremen 2009). 
In this section we review the evidence for and against specific hypotheses regarding the 
impact of landscape characteristics on pollinator communities.  
 
B1: Agricultural intensification has a detrimental impact on pollinator communities 
The proportion and intensity of agricultural land in the landscape tends to be negatively 
related to pollinator abundance and species richness (Marini et al. 2014, Steckel et al. 2014, 
Connelly et al. 2015, Scheper et al. 2015).  However, the type of agriculture can make a 
difference; for example, apple-dominated landscapes exhibit drastically reduced wild bee 
species richness and abundance compared to landscapes dominated by either grassland or 
forest (Marini et al. 2014). In another study Brittain et al. (2010) found that the species richness 
of wild bees declined in vine fields where the insecticide was applied, but did not decline in 
maize or uncultivated fields. Interestingly, Le Feon et al. (2013) found that species richness, 
abundance and diversity of wild bees were greater in sites with arable land compared to those 
under intensive animal husbandry.   Mass flowering crops may be one aspect of agricultural 
landscapes that benefit pollinators (see section C1.2), but the limited flowering season does 
not provide longevity of resources (Holzschuh et al. 2013).  
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Bee functional diversity can be lower in agricultural landscapes compared to natural habitats. 
Forrest et al. (2015) found that bee assemblages in Californian farmland were functionally 
depauperate compared to those in nearby natural communities with farmland communities 
dominated by social, polylectic ground-nesting species with long flight seasons and natural 
areas dominated by bees that had shorter but later flight seasons. A study that collated data 
for 257 bee species from multiple studies across Europe (De Palma et al. 2015) found that 
smaller-bodied species and those with shorter flight seasons were less likely to be present in 
areas of intensive agriculture. Smaller bee species may be more sensitive to intensive 
agriculture as larger species can forage greater distances (Greenleaf et al. 2007). However, 
Forrest et al. (2015) found no difference in bee body size between farmed and natural habitats 
and Rader et al. (2014) found that larger-bodied insect pollinators in New Zealand were more 
sensitive to intensive land use than smaller species. 
 
B2.  Response to urbanisation varies among different pollinator taxa  
Urban land cover is increasing globally (Seto et al. 2012) and the resultant habitat loss and 
fragmentation is an important driver of plant-pollinator interactions (Harrison and Winfree 
2015).  Pollinator abundance and richness tends to decrease with increasing urbanisation (e.g. 
Ahrne et al. 2009, Bates et al. 2011), but studies comparing pollinator communities in urban 
and non-urban landscapes have revealed that towns and cities can support higher species 
richness of bees compared to agricultural land (Baldock et al. 2015) and even nature reserves 
(Sirohi et al. 2015).  Reproductive performance may also be enhanced in urban areas; colony 
growth rate and nest density of bumblebees in domestic gardens can exceed that found in 
rural and agricultural habitats (e.g. Osborne et al. 2008), with diverse urban bee communities 
also providing a benefit by pollinating urban crops and garden plants (e.g. Lowenstein et al. 
2015).  
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The response to urbanisation also varies among taxa with different functional groups of 
pollinators dominating in different urban landscapes (Threlfall et al. 2015). Specialist bees 
are rare in cities (Hernandez et al. 2009, Tonietto et al. 2011) whilst other studies have shown 
a positive effect of urbanisation on bumblebees (Carre et al. 2009), cavity-nesting bees (Cane 
et al. 2006) and later-season small-bodied bees (Wray et al. 2014). De Palma et al. (2015) 
found that overall European bee species were less likely to be present in urban areas, 
although cavity-nesting species were unaffected by land use. Those present in urban areas 
tended to be generalist short-tongued species. Several studies show that hoverflies seem to be 
more negatively affected by urban development than bees (Verboven et al. 2014, Baldock et 
al. 2015) but in general the effect of urbanisation on non-bee pollinators has been under- 
researched and further information is required to augment urban habitat management. 
 
B3. Increased landscape heterogeneity enhances pollinator richness and abundance  
Increased landscape heterogeneity and the amount of high-quality (natural and semi-natural) 
habitat typically enhances species richness and abundance (Kennedy et al. 2013, Steckel et 
al. 2014, Aguirre-Gutierrez et al. 2015, Senapathi et al. 2015b) with species richness affected 
by factors related to resource heterogeneity including richness of flowering plants, area and 
landscape diversity (Meyer et al. 2009). Andersson et al. (2013) found that pollinator 
richness generally declined with decreasing landscape heterogeneity, but taxonomic breadth 
only declined with landscape heterogeneity on conventionally managed farms.  While the 
majority of studies were conducted in agricultural landscapes, they also considered the 
impact of semi-natural habitats. For example, solitary bee abundance was positively 
influenced by the presence of temporary grasslands in cereal rotations (Le Feon et al. 2013) 
and bee species richness in wildflower strips on arable land increased with the amount of 
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semi-natural habitats in the landscape (Scheper et al. 2015) (see also section C1.1). Proximity 
to natural habitat can be important for wild pollinators, with pollinator species richness, 
visitation, and overall stabilisation of pollination services found to decrease with isolation 
from natural areas (Ricketts et al. 2008, Garibaldi et al. 2011, Kennedy et al. 2013). 
 
B4. Landscape configuration significantly influences pollinator diversity  
Landscape configuration can play an important role in the maintenance of diverse pollinator 
communities. Decreased patch size, loss of habitat area, and reduced connectivity have all 
been identified as important drivers of species richness declines (Marini et al. 2014). 
Harrison & Winfree’s (2015) review of urban drivers of plant-pollinator interactions shows 
how habitat loss and fragmentation can change flower visitation rates and pollination success 
through changes in pollinator foraging behaviour or through population-level effects on 
pollinators. Hopfenmueller et al. (2014) found that wild bee richness and community 
functional trait diversity in calcareous grasslands in Germany increased with complex 
landscape configuration, habitat area and habitat quality. The findings suggest a strong 
dependence of habitat specialists on local habitat characteristics such as habitat area and 
quality, whereas cuckoo bees and bumblebees are more likely affected by the surrounding 
landscape. Jha and Kremen  (2013a) found that the foraging distance of bees can also be 
influenced by landscape composition; Bombus vosneseskii foraged further in pursuit of 
species-rich floral patches in landscapes with lower resource diversity. An experimental study 
set within calcareous grasslands and intensive agricultural landscapes found that increasing 
isolation of small habitat islands resulted in both decreased abundance and species richness of 
flower-visiting bees and that wildflower seed set was positively correlated with bee visitor 
abundance, suggesting that fragmented habitats can negatively affect both pollinators and 
pollination services (Steffan-Dewenter and Tscharntke 1999). Increasing wildflower patch 
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
size can lead to increases in wild bee density and result in greater seed set in wild flowers 
within agricultural landscapes (Bennett and Isaacs 2014). In addition, Van Geert et al. (2010) 
demonstrated how existing linear landscape elements in intensively used farmland may act as 
functional biological corridors facilitating pollen dispersal through pollinator movements. 
Thus a combination of large high-quality patches and heterogeneous landscapes may help to 
maintain high bee species richness and communities with diverse trait composition, which 
might stabilize pollination services provided to crops and wild plants on local and landscape 
scales.  
 
 B5. Landscape changes interact with other drivers of change to influence pollinator 
communities  
Landscape effects do not occur in isolation and can interact with other drivers to impact 
pollinator and pollination (González-Varo et al. 2013). One synthesis paper demonstrated 
how pollinator persistence depends both on the maintenance of high-quality habitats around 
farms and on local management practices (Kennedy et al. 2013). For example Brittain et al. 
(2010) revealed  how bee responses to insecticide application varied depending on crop type  
and spatial scale. Park et al. (2015) also found that while bee abundance and species richness 
decreased linearly with increasing pesticide use in apple orchards one year after application, 
the pesticide effects on wild bees were buffered by increasing proportion of natural habitat in 
the surrounding landscape.  
 
There is also increasing evidence that an interaction between future climate change and 
landscape and habitat configuration could pose challenges to pollinators (Kerr et al. 2015). 
For instance, the potential for pollinator species at their current climatic limits to migrate to 
newly suitable areas may depend on the amount and spatial connectivity of habitats, and 
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habitat loss and fragmentation arising from land-use changes in response to changing climate 
could limit compensatory species migrations (Warren et al. 2001, Forister et al. 2010). 
Differing rates of dispersal (Warren et al. 2001) could also lead to spatial dislocation of 
plants and their specialist pollinators, and lower connectivity between habitat remnants 
combined with future climate shifts  may reduce population sizes and increase extinction 
likelihood of pollinators especially those of poor dispersers or habitat specialist (Warren et al. 
2001, Burkle et al. 2013). While there are increasing studies in this area, further rapid 
investigation into interactions between multiple drivers and their combined effects is crucial 
in order to enable mitigation measures to counteract future threats to pollinators. 
 
 
C. Enhancing landscapes for pollinators 
In this section we review the existing evidence for how pollinator populations and 
communities can be enhanced at the landscape scale through management in both urban and 
rural landscapes. We also highlight some of the underlying policies and monitoring schemes 
for incentivising this management, illustrating the importance of establishing long-term, 
national-scale monitoring schemes for pollinators.   
 
C.1 Landscape management 
Habitats can be enhanced for pollinators using a variety of approaches, but most management 
tends to focus on increasing the abundance or diversity of floral resources (i.e. nectar and 
pollen). In addition to floral food sources, wild pollinators depend on a range of other 
resources, for example the majority of Hymenoptera require nest sites, whilst Diptera and 
Lepidoptera require larval host habitat, which is often species-specific. However few studies 
examine the availability of non-floral resources (such as host plant preference) in relation to 
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landscape factors. To date, the majority of initiatives to improve habitat for pollinators have 
focused on adding floral resources in agricultural landscapes where pollinators perform an 
economically important crop pollination service.  However, evidence is growing as to the 
importance of urban areas for pollinator conservation (Baldock et al. 2015, Sirohi et al. 
2015), and maintaining biodiversity in urban green spaces is likely to benefit human well-
being  as well as wildlife (e.g. Fuller et al. 2007). 
 
C1.1. Agri-environment schemes (AES) 
Agri-environment schemes (AES) are financial incentives offered to land managers to 
compensate for a loss of yield when they set aside part of their land for wildlife conservation.  
AES are widely used to support biodiversity of multiple taxa in agricultural landscapes, but 
they remain controversial due to their high cost and variable success (Batary et al. 2015). 
AES appear to be important tools for providing flowers and other resources that lead to 
increased abundance and diversity of pollinators at local to landscape scales (e.g. Jonsson et 
al. 2015).  Recent work has also demonstrated enhanced bumblebee reproductive capacity 
(Carvell et al. 2015) and nest density (Wood et al. 2015b) associated with flower-rich AES. 
However, the ability of AES to enhance the reproduction of non-bumblebee taxa is unknown 
and it appears that AES are most beneficial for generalist pollinators such as bumblebees and 
honeybees (Wood et al. 2015).  
 
At local scales, the performance of AES are influenced by their management, with wild 
pollinators benefitting from uncut refugia in extensively managed hay meadows (Buri et al. 
2014) and cutting regimes that extend the flowering season in sown flower patches (Pywell et 
al. 2011).  At larger scales, the effectiveness of AES is moderated by landscape context.For 
instance, a Europe-wide meta-analysis suggested that AES deliver greater benefits to 
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pollinators in relatively simple (but not intensively managed) landscapes where they offer 
greater ‘ecological contrast’ compared to more complex landscapes with substantial areas of 
natural habitat (Scheper et al. 2013).   
 
Despite the efficacy of AES for increasing pollinator diversity and reproductive capacity, 
there remains a dearth of evidence that AES can increase pollinator populations over time at 
the landscape scale.  In order to demonstrate a population response rather than a spatio-
temporal behavioural response, AES need to be monitored for a minimum of two years as the 
number of individuals of univoltine bee species in a given year depends on the foraging 
resources available to females in the previous year and population growth in bumblebees 
depends on the number of colonies founded by queens the previous year. Experiments 
therefore need to be run for multiple years to test whether floral resources attract more 
pollinators in second and subsequent years (behavioural + population effects) than they do 
when first presented (behavioural effects alone). In an experiment across four European 
countries, Scheper et al. (2015) compared the effectiveness of wildflower strips for enhancing 
bee abundance and richness and were unable to detect a population response in the second 
year of monitoring. They suggest that the creation of larger flower patches and longer-term 
monitoring would help to pick up population-level changes.  The larger scale impact of AES 
is also dependent on their uptake as evidenced by a recent study showing that AES flower 
strips make a negligible contribution to resources for pollinators at national or regional scales 
in the UK due to low uptake by farmers (Baude et al. 2016). 
 
C1.2. Mass flowering crops (MFCs)  
Although agricultural intensification is a driver of pollinator declines worldwide (Vanbergen 
et al. 2013), mass flowering crops (MFCs) such as oilseed rape (Brassica napus) and field 
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bean (Vicia faba) can provide a reliable, albeit short-lived, ‘resource pulse’ for pollinators in 
agricultural landscapes. For example, oilseed rape improves colony growth in bumblebees 
(Westphal et al. 2009 and references therein) and also has a positive effect on the abundance 
(Holzschuh et al. 2013) and species richness of cavity-nesting bees and wasps (Diekötter et 
al. 2014). It appears that MFCs such as oilseed rape may be particularly important for 
population growth in early-season solitary bees that are able to produce sexuals during the 
mass-flowering period (Jauker et al. 2012).  Bumblebees, in contrast, do not produce males 
and queens until after the flowering period of oilseed rape and therefore appear less able to 
respond to MFCs in a reproductive capacity (Westphal et al.2009; Riedinger et al. 2015). 
However, late season MFCs, such as red clover (Trifolium pratense), can increase the 
reproductive capacity of bumblebees (Rundlöf et al. 2014). 
   
MFCs can influence plant-pollinator interactions in non-crop habitat through facilitation (i.e. 
‘pollinator spillover’) or competition (i.e. a ‘dilution effect’) and these effects may vary with 
spatial and temporal scale (Hanley et al. 2011, Kovács-Hostyánszki et al. 2013).  MFCs can 
also cause shifts in pollinator community composition, for example by being 
disproportionately beneficial to short-tongued bumblebees at the expense of more specialised 
longer tongued species (Diekötter et al. 2010).   A further limitation of MFCs is that they are 
often treated with systemic pesticides, such as neonicotinoids, which appear to play a 
significant role in the decline of bees (Goulson et al. 2015) and impair pollination services 
(Stanley et al. 2015). A ban on neonicoinoids use on MFC across Europe was brought into 
effect in the winter of 2013 but this policy is currently under review and conclusive evidence 
on the effectiveness of the ban for pollinators is yet to be obtained.  
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C1.3. Urban habitat management 
A positive association between pollinator diversity and the extent of floral resources has been 
demonstrated for a range of individual habitats in urban areas, including domestic and 
community gardens (Smith et al. 2006, Matteson and Langellotto 2010), green roofs 
(Tonietto et al. 2011), urban forests (Carper et al. 2014) and parks and cemeteries (Matteson 
et al. 2013).  However, systematic studies that compare the value of different urban habitats 
for pollinators in multiple cities are lacking.  The importance of floral resources may also 
vary with geographic context and taxon. For example, honeybees in green spaces of 
Melbourne, Australia, were positively associated with the diversity of flowering plants, whilst 
cavity and ground nesting floral specialist bee species appeared to depend more on the 
availability of nesting habitat (Threlfall et al. 2015).  
 
These findings and those detailed in section B2, lend credence to initiatives that seek to 
maintain and enhance the value of urban green spaces for pollinators.  Gardeners can now 
make evidence-based decisions on best plant species to attract pollinators (e.g. Garbuzov and 
Ratnieks 2014, Salisbury et al. 2015) and confirmation that creation of wildflower areas 
(Blackmore and Goulson 2014) and reduced mowing regimes (Garbuzov et al. 2015) provide 
important floral resources for pollinators is useful for green space mangers.  Novel urban 
habitats, such as green roofs and walls, offer considerable potential for supporting pollinators 
but at present data are available from only small scale studies from which it is hard to 
generalise (e.g. MacIvor et al. 2015).    Pollinators may also be nest-site limited in cities 
(Threlfall et al. 2015, but see Wray and Elle 2015) and ‘bee hotels’ and bumblebee nest 
boxes are widely promoted solutions despite a lack of evidence from urban studies regarding 
their effectiveness in supporting cavity nesting bees (MacIvor and Packer 2015) or 
bumblebees (Gaston et al. 2005).  As habitat configuration has been shown to affect highly 
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mobile pollinators in cities (Sattler et al. 2010) remnants of natural habitats and other green 
areas in urban areas could act as natural corridors thereby enhancing habitat connectivity and 
preserving biodiversity. In general, however, much more research is needed on the 
effectiveness of management interventions for pollinators in urban areas, especially with 
respect to how networks of habitats facilitate the dispersal of pollinators across cities at the 
landscape scale and subsequent effects on population dynamics. 
 
C1.4. Landscape-scale habitat creation schemes 
As outlined in section B.1, pollinators, especially the larger Hymenoptera (as well as 
Syrphids), can forage over considerable distances and therefore often respond to the 
composition and configuration of habitat at the landscape scale.  Molecular ecology studies 
have also shown that habitat connectivity, in the form of corridors or networks of habitat 
patches, promotes increased dispersal and gene flow (e.g. Jha and Kremen 2013b).  In 
response to this evidence, and concerns about biodiversity declines more widely, a number of 
multi-partner conservation initiatives and NGO campaigns are aiming to create corridors of 
pollinator-friendly habitat across both urban and agricultural landscapes.  For instance, 
England has a series of large-scale ecological connectivity initiatives across the country 
known as Nature Improvement Areas (NIAs) (Defra 2014)  and some of these NIAs are 
working with partners to improve the transport network for pollinators 
(https://www.gov.uk/government/news/greener-transport-network-to-provide-highways-for-
wildlife). Similarly, the ‘B-Lines’ project, led by the UK invertebrate conservation charity 
Buglife, seeks to create and restore a network of at least 150,000 ha of flower-rich habitat 
corridors and stepping stones across rural and urban Britain 
(https://www.buglife.org.uk/campaigns-and-our-work/habitat-projects/b-lines). Buglife are 
also working in eight UK cities to promote urban habitat creation and connectivity for 
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pollinators (https://www.buglife.org.uk/urban-buzz), with similar projects emerging across 
Europe e.g. Pollinator Passage in Oslo, Norway (http://www.pollinatorpassasjen.no). 
However, many of these schemes have been established only recently; the extent to which 
they have enhanced pollinator populations at the landscape scale is currently unknown, and 
inferences may well be hindered by a lack of baseline data and suitable control landscapes 
with which to compare.    
 
Given appropriate management, roadside verges provide important habitat for pollinators and 
could facilitate dispersal (e.g. Hanley and Wilkins 2015).  In the UK, the plant conservation 
charity Plantlife campaigns for sympathetic management of road verges 
(http://www.plantlife.org.uk/roadvergecampaign). However, enhancing roadside habitats for 
pollinators could create an ecological trap, due to direct mortality from roads (Baxter-Gilbert 
et al. 2015) or from reduced navigational abilities due to diesel exhaust pollution (Girling et 
al. 2013) and research is needed to ascertain whether roadside verges can sustain pollinator 
populations over time.  
 
C2 Policy drivers  
Land management for pollinators at regional and national scales relies on multiple land 
managers implementing pollinator-friendly practices.  To best harness the beneficial practices 
of these multiple managers in a holistic and coordinated way requires political intervention.  
Several national governments have recognised the economic and ecological importance of 
pollinators by developing national strategies or action plans to promote activities to benefit 
pollinators (Table 1). Since they all promote action at a national scale, they are supporting the 
concept of landscape-scale habitat enhancement for pollinators, however some are more 
explicit than others in recognising the importance of landscape-scale factors for pollinators 
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(see Table 1). For example, not all mention habitat connectivity, although the majority 
mention the need to improve transport networks (e.g. road verges) for pollinators.  Whilst the 
development of government-supported pollinator-specific national plans is encouraging news 
for pollinator conservation, the actions promoted by such plans are rarely mandated and 
therefore require support through other policies.  For example, the National Pollinator 
Strategy for England does not include any new legislation that will enforce particular 
practices, but instead refers to other policies that may indirectly impact pollinators, such as 
the creation of NIAs (section C1.4).  
 
At broader scales, regional policy such as the EU Common Agricultural Policy (CAP) will 
have wide-ranging impacts on pollinator populations at national and even continental scales.  
In response to CAP reform, a new AES was recently developed for England, Countryside 
Stewardship, and this includes a Wild Pollinator and Farmland Wildlife Package of which the 
pollinator elements were informed by the latest ecological evidence (Dicks et al. 2015).  The 
importance of pollinator conservation has also been recognised at an international level, with 
the first deliverable of the recently-formed Intergovernmental Platform on Biodiversity and 
Ecosystem Services (IPBES) being a thematic assessment of pollinators, pollination and food 
production. The assessment aims to identify policy-relevant findings for decision-making in 
government, the private sector and civil society. Incorporating actions to help landscape-scale 
conservation for pollinators into policy will be essential for regional and national success.  
 
C3 Monitoring 
Much of the evidence for pollinator declines has been derived from analyses of haphazardly 
collected species records (e.g. Carvalheiro et al. 2013) and therefore does not allow detailed 
analyses of population trends and abundance patterns, which are important for policy making.  
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As a result, programmes to understand the impact of the wider landscape on pollinators and 
to establish long-term monitoring are underway at national (e.g. National Pollinator and 
Pollination Monitoring Framework for England) and continental scales (e.g. EU 
LIBERATION project, http://www.fp7liberation.eu/).  The success of national monitoring 
programmes will hinge on the choice of sampling methods, the spatial and environmental 
distribution of sites and the frequency of sampling (Lebuhn et al. 2013).   
 
Conclusion 
The main aims of our review were to provide an evidence base, identify key gaps in 
knowledge and help develop and improve strategies for pollinator conservation. We have 
covered a broad range of research pertaining to landscape-level impacts on pollinators, how 
these are assessed and quantified and what policy and schemes are currently in place to 
further enhance our understanding. However, there is still much we don’t know about how 
landscape level impacts pollinator communities: The majority of studies focus on bee taxa 
and whilst bees are an important pollinator group, we need to understand how the other 
pollinator communities are affected by landscape level factors. Given that increases in land 
use intensity are likely to affect the pollinator species present it is important that future 
research should investigate how pollinator communities might respond to land use change, 
particularly in the face of future climate change which is itself likely to affect the 
composition of pollinator communities  (Kerr et al. 2015).The policies and monitoring 
schemes highlighted in our review, if executed properly, should provide some of the required 
data. This would allow for further examination and better understanding of relationships 
between landscapes and pollinator populations which in turn would help mitigation and 
adaptation strategies for pollinator conservation. 
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Table 1: National level pollinator strategies or action plans and key recommendations 
relevant to landscape-level pollinator conservation 
Strategy/Plan Year 
publishe
d 
Country Co-ordinating 
organisation 
Key recommendations relevant to landscape-level 
conservation for pollinators 
Action Plan for 
Pollinators in 
Wales 
Welsh 
Government 
(2013) The Action 
Plan for 
Pollinators in 
Wales. Welsh 
Government 
Publication, 
Aberystwth, 
Wales. 
2013 Wales, 
UK 
Welsh 
Government 
One of the agreed outcomes of the Plan is for Wales to 
provide diverse and connected flower rich habitats to 
support pollinators in Wales which will be achieved 
by: 
- Promoting, creating and enhancing beneficial 
flower rich habitats at a landscape scale, and also 
at smaller scales. 
- Promoting and supporting opportunities for 
habitat creation and enhancement for pollinators 
on farmland, across protected areas and the 
wider countryside, and in urban and developed 
areas. 
National 
Pollinator 
Strategy for 
England 
Defra (2014) The 
National 
Pollinator 
Strategy: for bees 
and other 
pollinators in 
England. Defra 
publication, York, 
UK. Pb14221. 
2014 England, 
UK 
UK 
Government 
(Defra) 
One of the Strategy’s outcomes is “More, bigger, 
better, joined-up, diverse and high-quality flower-rich 
habitats (including nesting places and shelter) 
supporting our pollinators across the country.” 
Defra plan to bring farmers and other land managers 
together to promote action at a landscape scale. Two of 
the Strategy’s five key areas are: 
1. Supporting pollinators on farmland 
2. Supporting pollinators across towns, cities and the 
countryside. 
- The strategy’s actions are guided by Lawton’s 
(2010) review “Making Space for Nature” which 
proposes to increase the size of wildlife sites, 
improve their quality and enhance connections 
between sites. 
All Ireland 
Pollinator Plan 
 
National 
Biodiversity Data 
Centre (2015) All-
Ireland Pollinator 
Plan 2015-2020 
National 
Biodiversity Data 
Centre Series No. 
3, Waterford, 
Ireland. 
 
2015 Northern 
Ireland, 
UK & 
Ireland 
National 
Biodiversity 
Data Centre for 
Ireland 
A number of targets and actions in the Plan will 
address or examine pollinators at a landscape scale: 
1.1.1 Increase the area of farmland that is farmed in a 
pollinator friendly way 
1.1.2 Create a network of meadows and other flower-
rich habitats to serve as pollinator havens 
1.2.1 Increase the area of public & semi-state land that 
is managed in a pollinator friendly way 
1.2.2 Create linking areas of flower-rich habitat along 
transport routes 
1.3.1 Increase the number of gardens across Ireland 
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that are pollinator friendly 
A39. Encourage business properties to make their 
outdoor spaces more pollinator friendly (including 
country hotels, golf courses, quarries, retail carparks) 
A66. Integrate plant and land-cover data to generate 
floral resource heat-maps for Ireland showing which 
areas can provide adequate nutrition for pollinators and 
have the potential to provide pollination services for 
adjacent insect-pollinated crops 
A67. Develop predictive models to determine the 
economic impacts of land-use changes on pollinators 
and pollination services 
A69. Determine how pollinators and pollination 
services vary according to the surrounding landscape 
at a range of scales 
5.2 Monitor changes in the abundance and distribution 
of wild pollinators across Ireland  
A76. Develop an publicly available online system to 
map locations where pollinator friendly actions have 
been taken with a view towards creating an integrated 
network of pollinator habitat across the landscape * 
French National 
Action Plan 
 
France, Terre de 
Pollinisateurs 
(2015) Ministere 
de L’Ecologie du 
Developpement 
Durable et de 
l’Energie, France. 
2015 France Ministere de 
L’Ecologie du 
Developpement 
Durable et de 
l’Energie  
This ten-point action plan includes the following: 
- Promote favourable management of roadside 
verges for pollinators 
- Recommendation of a monitoring programme to 
measure pollinator populations 
National 
strategy to 
promote the 
health of honey 
bees and other 
pollinators 
 
Pollinator Health 
Task Force (2015) 
National strategy 
to promote the 
health of honey 
bees and other 
pollinators. The 
White House, 
Washington, USA. 
2015 USA White House 
Pollinator 
Health Task 
Force 
One of the Strategy’s three overarching goals is to 
restore or enhance 7 million acres of land for 
pollinators over 5 years. ‘Increasing and improving 
pollinator habitat’ is one of four themes in the 
Strategy. The Strategy does not specifically discuss 
enhancing pollinator habitat at a landscape scale, 
although many of the activities outlined in the Strategy 
will promote action at a landscape-scale. The Strategy 
identifies the importance of utilising land adjacent to 
highways, railways and power transmission lines to 
provide corridors of favourable habitat that will 
connect pollinator habitat at a large scale. 
 
